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Abstract
Purpose—To determine the best combination of magnetic resonance (MR) imaging parameters
for the detection of locally recurrent prostate cancer after external beam radiation therapy.

Materials and Methods—Our IRB approved this study with a waiver of informed consent.
Twenty-six patients with suspected recurrence due to biochemical failure were part of this
research. The MR protocol included T2-weighted, MR spectroscopic, and diffusion-weighted MR
imaging. Transrectal ultrasound-guided biopsy was the standard of reference. We used logistic
regression to model the probability of a positive outcome and generalized estimating equations to
account for clustering. The diagnostic performance of imaging was described using receiver
operating characteristic (ROC) curves.

Results—The area under the ROC curve of MR spectroscopic imaging (MRSI) was 83.0% (95%
CI = 75.5 to 89.1). The combination of all MR techniques did not significantly improve the
performance of imaging beyond the accuracy of MRSI alone, but a trend towards improved
discrimination was noted (86.9%; 95% CI = 77.6 to 93.4; P = 0.09).

Conclusion—In conclusion, incorporation of MRSI to T2-weighted and/or diffusion-weighted
MR imaging significantly improves the assessment of patients with suspected recurrence after
radiotherapy and a combined approach with all three modalities may have the best diagnostic
performance.
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INTRODUCTION
Over 240,000 new cases of prostate cancer will be diagnosed in 2011 (1) and many will be
treated with external beam radiation therapy (2). Approximately half of these patients are
expected to develop biochemical failure, i.e. a rising serum prostatic specific antigen (PSA)
after a post-treatment nadir has been reached (3,4), which triggers investigation for local
and/or systemic disease. Despite being an invasive method fraught with sampling error, the
diagnosis or exclusion of locally recurrent cancer is routinely performed by TRUS biopsy
(5,6).

Endorectal magnetic resonance (MR) imaging may assist in overcoming this problem; it
allows for the identification of the whole gland and imaging findings can potentially be used
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to target only suspicious areas. Yet, T2-weighted MR imaging also has limitations in the
post-radiation setting related to radiation-induced atrophy and fibrosis (7,8). Functional and
metabolic MR sequences provide information that is incremental to that obtained with
anatomical T2-weighted MR images. While a few prior studies have investigated the benefit
of these sequences when compared to T2-weighted MR imaging (9–12), it is unclear if the
combination of more than one of these techniques improves the detection of recurrent
cancer. In addition, 3-Tesla magnets that were once exclusively seen in academic centers are
now widely available. Images acquired using these magnets have higher spatial and/or
temporal resolution than images acquired on 1.5-Tesla magnets; but at the same time these
studies are more susceptible to artifacts that may degrade the quality of images and reduce
its interpretability (13).

Anecdotally, we have noticed in our practice that ADC values of post-radiation atrophic
tissue and locally recurrent prostate cancer measured on 3-Tesla scanners using endorectal
coil differ from ADC values seen in untreated gland and untreated tumor. Song et al. in a
recent study suggested that ADC values of noncancerous areas of the prostate decrease
following radiation therapy, but did not describe the actual ADC values (14). Also, in their
study patients were scanned using only a pelvic phased-array coil.

Accordingly, the goals of this study were to compare the diagnostic performance of 3-Tesla
T2-weighted MR imaging, MR spectroscopic imaging, and diffusion-weighted MR imaging,
determining the best combination for the detection of recurrent prostate cancer after external
beam radiation therapy, and, secondarily, to describe the ADC values of atrophic prostatic
tissue and recurrent prostate cancer.

MATERIALS AND METHODS
Subjects

This retrospective single institution study was approved by our Committee on Human
Research with a waiver of informed consent and was compliant with requirements of the
Health Insurance Portability and Accountability Act.

We retrospectively identified all patients who met the following inclusion criteria:

1. Patients with biopsy-proven prostate cancer treated with primary external beam
radiation therapy (with or without associated androgen deprivation therapy).

2. Post-treatment 3-Tesla endorectal MR imaging of the prostate performed between
January 2007 and March 2010 for assessment of suspected local recurrence due to
biochemical failure, based on three consecutive rises of PSA or a rise by 2 ng/mL
or more above the nadir PSA, as recommended by the American Society for
Therapeutic Radiology and Oncology (15).

3. Post-treatment transrectal ultrasound-guided biopsy of the prostate.

4. No post-radiation salvage treatment (e.g. salvage brachytherapy or salvage
prostatectomy) administered prior to MR imaging or biopsy.

Twenty-six patients with mean age of 69 years (range, 54 to 78) fulfilled these criteria.
There were no exclusion criteria. One author (PPV) reviewed all medical and clinical
records to collect all available pre- and post-treatment and histopathological data.

Imaging Acquisition
All studies were performed on a GE 3.0 Tesla scanner (GE Healthcare Technologies,
Waukesha, WI) using body coil for excitation and a Medrad inflatable endorectal coil
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(Medrad, Pittsburgh, PA) filled with perfluorocarbon (3M, Saint Louis, MO) in conjunction
with a pelvic phase array coil for signal reception. After a localizer image, the following MR
sequences were obtained:

– Axial spin-echo T1-weighted images from the aortic bifurcation to the
symphysis pubis. TR/TE = 600–700/12 msec. Slice thickness = 4–6 mm.
Interslice gap = 0–1 mm. Matrix 256 × 192. Frequency direction transverse (to
prevent obscuration of pelvic nodes by endorectal coil motion artifact). Number
of excitations = 1. Field of view = 20–32 cm. Acquisition time = 2–3 mins.

– Thin-section high-resolution oblique axial and coronal T2-weighted fast spin-
echo images of the prostate and seminal vesicles (planes were selected relative
to the long axis of the prostate). TR/TE = 4000–6000/90–120 msec. Echo train
length = 8–16. Slice thickness = 3 mm. Interslice gap 0 mm. Matrix 256 × 192.
Frequency direction anteroposterior (to prevent obscuration of the prostate by
endorectal coil motion artifact). Number of excitations = 3. Field of view = 14
cm. Acquisition time = 2 to 8 mins.

– 3D MRSI data were acquired with MLEV-PRESS sequence (16) that allows the
acquisition of completely upright citrate resonance at TE of 85ms with a 0.157cc
nominal spatial resolution. The MRSI parameters were as follows: TR = 2.0 s;
TE = 85ms; NEX = 1; phase encoding steps = 16 × 10 × 8; FOV = 86 × 54 × 43
mm3; scan time = 11 min. An interleaved echo-planar spectroscopic readout was
used in the left-right dimension.

– Oblique axial DTI-EPI images with 6 diffusion gradient directions were
acquired in 2.5 minutes with a FOV = 24 cm, 256 × 128 matrix, 4mm thick
slices, and b-value of 600 s/mm2, with 8–10 slices typically to cover the
prostate. For prostate diffusion-weighted MR imaging studies, investigators
have used multiple B-values ranging from 0–1000 s/mm2. For those using 0 s/
mm2 and another b-value, investigators have typically used 500 to 800 s/mm2 as
their second b-value (17–19). We found 0 s/mm2 and 600 s/mm2 provided good
ADC contrast to noise in the prostate. At high b-values (1,000 to 2,000 s/mm2),
images are very sensitized to motion and there is a corresponding dramatic drop
in signal-to-noise ratio.

Diagnostic Performance: Imaging Interpretation
T2-weighted MR imaging—A single radiologist (ACW, 7 years of experience in
genitourinary imaging) reviewed all MR images on a picture archiving and communication
system workstation (Impax; Agfa, Mortsel, Belgium), and rated recurrent tumor as present
or absent in each sextant of the prostate. A sextant was defined as one of the following
divisions of the prostate: right base, right middle gland, right apex, left base, left middle
gland, and left apex. Right and left sides were determined by an imaginary line coursing
through the center of the gland, from anterior to posterior on the axial plane, dividing the
prostate in two halves. There are no structural landmarks that delineate the margins between
the base, middle gland, and apex of the prostate. Accordingly, these locations on oblique
axial T2-weighted images were determined through cross-referencing with coronal images.
Tumor was considered present if a mass-like nodule was seen in the prostate or if a
crescentic subcapsular focus of low T2 signal intensity was seen in the peripheral zone. The
reader was aware that these patients had an elevated PSA following radiation therapy, but
did not have access to any other clinical or laboratorial information, including prior imaging
studies and serum PSA level.
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Diffusion-weighted MR imaging—The radiologist who interpreted the T2-weighted
images also reviewed all diffusion-weighted MR images. This was done in a separate
session, without access to the T2-weighted MR images, 8 weeks later. These data were
assessed using apparent diffusion coefficient (ADC) maps. No threshold was applied to
these calculated maps. The reader drew regions of interest (ROI) on all suspicious foci seen
on the ADC maps and ADC values were recorded. A suspicious focus was defined as an
area of low signal intensity on visual inspection, based on the knowledge that prostate
cancer has lower ADC values than normal prostatic tissue (20). The sextant in which an
abnormal finding was seen was determined based on the side of the gland and on the number
of images obtained. The total number of images was divided by three. The apex was defined
as the images representing the most caudal third of the gland, followed by the middle gland
and then base. If the total number of images did not allow for an even division, the first extra
slice was considered to represent the middle gland, and next one, the apex.

MR spectroscopic imaging—One of the authors (JK, 20 years of experience) evaluated
the spectra after baseline correction and automated frequency shifting to optimize the
alignment of statistically significant peaks (signal-to-noise ratio, >5:1) in the spectrum with
the expected locations of choline, creatine, citrate, and residual water resonances.
Subsequently, a zero-order phase was applied to generate an upright and symmetric water
resonance, and metabolite resonances were baseline corrected by using local nonlinear
fitting to the nonpeak regions of the spectra. After evaluation of quality of each MR
spectroscopic study, spectra were analyzed with a quantification algorithm that provides
estimates of metabolite peak areas and random noise. Metabolite peak areas were obtained
by numeric integration of the in-phase component of the spectra over frequency regions
corresponding to choline and creatine. Spectra were summed over a 29.6 Hz bandwidth for
choline (30 points) and over a 19.8 Hz width for creatine (20 points). These values were
normalized by the standard deviation of a 138 Hz region (140 points) devoid of metabolite
signal centered 188 Hz higher than the water resonance.

Previous research has shown that following radiation therapy the levels of citrate and
polyamines are dramatically reduced on MR spectroscopic imaging and that successful
treatment is characterized by a lack of metabolic activity or “metabolic atrophy” (21–23).
However, residual or recurrent prostate cancer can be detected by identification of choline or
of a relative increase in the choline/creatine ratio (12). To avoid divergent values, choline-
to-creatine ratios were calculated only on voxels in which both resonances had SNR values
of at least 5. Voxels were considered unremarkable if no metabolism was identified or if the
spectrum showed a choline-to-creatine less than 1.5. A choline-to-creatine ratio greater than
1.5 or identification of choline in the absence of creatine was considered abnormal.
Identification of three consecutive abnormal voxels within a sextant, either in-plane or
through-plane, characterized a positive result on MR spectroscopic imaging (12). T2-
weighted images with an MR spectroscopic overlay were available to the reader to allow for
localization of findings into sextants.

Standard of Reference
Transrectal ultrasound-guided biopsy was the standard of reference in this study. All but two
biopsies were performed at our institution. The usual number of specimens that were
obtained was 16, using a systematic approach that targeted the right and left sides of the
gland at different levels, as well as suspicious areas seen on ultrasound. Samples processed
at our institution were fixed in formalin immediately after biopsy and subsequently placed in
a block of paraffin wax. Microtome sections were then mounted on a glass slide and stained
with hematoxylin and eosin. High molecular weight keratin immunoperoxidase staining was
also performed on areas suspicious for adenocarcinoma. Histopathological evidence of post-
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treatment effect only, i.e. associated with negative immunoperoxidase staining, was
considered a negative result (24,25). The presence of cancer on all histopathology reports
was recorded on a per-sextant basis. One author (PPV) retrospectively reviewed these
reports to determine the presence or absence of cancer within each sextant of the prostate.

Statistical Analysis
The prostate sextant was used as the unit of analysis in this study. The study sample data
was described using median and interquartile range. We used logistic regression with A) a
single predictor (T2-weighted MR imaging results, diffusion-weighted MR imaging results,
or MR spectroscopic imaging results), B) two predictors (T2-weighted MR imaging and MR
spectroscopic imaging results, T2-weighted MR imaging and diffusion-weighted MR
imaging results, or MR spectroscopic imaging and diffusion-weighted MR imaging results)
and C) three predictors (T2-weighted MR imaging results, diffusion-weighted MR imaging
results, and MR spectroscopic imaging results) to model the probability of a positive
outcome. The models were built without any other pre-specified conditions for the inclusion
of these parameters. We used generalized estimating equations to take into account the
clustering effect related to the artificial division of the prostate (sextants) (26). The
performance of each diagnostic approach was described using receiver operating
characteristic curves. We used cluster resampled, bias-corrected, bootstrap confidence
intervals to compare the differences between the areas under the receiver operating
characteristic curves (27).

We used the Wilcoxon rank-sum test to compare the mean ADC values of atrophic prostatic
tissue and recurrent prostate cancer.

Statistical calculations were performed using Stata 11.2 (College Station, TX). All test were
two-tailed and a 5% level of confidence was considered to be significant.

RESULTS
Patient population

The median pre-treatment PSA and Gleason sum at the time of prostate cancer diagnosis
were 10.1 ng/ml (interquartile range or IQR = 5.4 to 14.0) and 7 (IQR = 6 to 7),
respectively. All but three (23/26) patients had localized disease based on clinical staging.

Patients received a median radiation dose of 72 Gy (IQR = 72 to 75); nineteen men were
also treated with neoadjuvant androgen deprivation therapy. The median post-treatment PSA
nadir was 0.3 ng/ml (IQR = 0.1 to 0.8).

The median PSA level at the time of imaging was 2.5 ng/ml (IQR = 1.6 to 3.2). The median
time interval between biopsy and imaging was 16 days (IQR = 5 to 34), with only 3 patients
having an interval greater than 34 days.

Recurrent prostate cancer was identified by biopsy in 14 of 26 patients (53.8%), and was
unilateral in 9 and bilateral in 5 (for total of 35 affected sextants).

The median time between end of treatment and imaging was 164 months (IQR = 119.6 to
199.2).

MR Imaging
One hundred and eleven of 121 sextants without evidence of recurrent cancer on biopsy had
no suspicious areas of T2-weighted MR imaging. Only eleven of 35 sextants with positive
biopsies had an abnormal area of low signal intensity.
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One hundred and four of 121 negative sextants on biopsy presented with atrophic
metabolism on MR spectroscopic imaging. Conversely, twenty-eight of 35 positive sextants
had abnormal metabolism.

One hundred and ten of 121 sextants without evidence of cancer on biopsy had negative
findings on diffusion-weighted MR imaging. Twenty of 35 patients with biopsy-proven
recurrent cancer had true-positive results. The mean ADC value of biopsy-negative regions
was 1.6 × 10−3 mm2/s (standard deviation or SD = 0.2), significantly higher than the average
value seen in foci of recurrent cancer (1.0 × 10−3 mm2/s, SD = 0.1; P < 0.001).

Only five sextants in 5 patients were found to have cancer in spite of all three modalities
being negative; in 2 of these patients MR imaging identified other sextants with disease.

Receiver-operating characteristic curves—The area under the receiver operating
characteristic (ROC) curve of diffusion-weighted MR imaging by itself (75.5%; 95 % CI =
61.0 to 85.3) was not statistically different from that of T2 weighted imaging (61.6%; 95%
CI = 51.1 to 73.2; P = 0.07) or MR spectroscopic imaging (83.0%; 95% CI = 75.5 to 89.1; P
=0.20) alone. However, MR spectroscopic imaging performed significantly better than T2-
weighted imaging alone (P = 0.001).

T2-weighted MR imaging alone performed worse than any combination of MR techniques,
and applying it with diffusion-weighted MR imaging and/or MR spectroscopic imaging did
not improve the discrimination between positive and negative sextants.

The combination of MR spectroscopic imaging with diffusion-weighted MR imaging
(86.3%; 95% CI = 77.5 to 93.3) was more accurate than diffusion-weighted MR imaging
alone (P = 0.02).

The areas under the ROC curves for the combination of any two or all three MR techniques
were not larger than that of MR spectroscopic imaging alone. These results are summarized
in tables 1 and 2. Figure 1 depicts the ROC curves of MR spectroscopic imaging alone, MR
spectroscopic imaging and diffusion-weighted MR imaging, and all three MR modalities,
and an illustrative case is shown in figure 2.

DISCUSSION
The results of this study suggest that multiparametric MR imaging is a good tool for
assessing patients with suspected locally recurrent cancer after radiation therapy; in
particular, concordant negative results exclude disease in the majority of patients.

The performance of T2-weighted imaging alone was poor and when this parameter was
combined with diffusion-weighted MR imaging and/or MR spectroscopic imaging the area
under the ROC curves did not change significantly. As shown before (28), these results
suggest that T2-weighted MR imaging cannot be used individually to assess patients with
suspected locally recurrent prostate cancer after external beam radiation therapy; yet it likely
has a role in anatomical localization.

Individually, the performance of diffusion-weighted MR imaging and MR spectroscopic
imaging were not significantly different (p-value of 0.20); however, the combination of both
modalities had higher discrimination power when compared to diffusion-weighted MR
imaging alone, but not MR spectroscopic imaging.

Even though MR spectroscopic imaging appears to achieve good results by itself, the
combination of three modalities led to better results. Although the difference between the
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areas under the ROC curves was not statistically significant (P = 0.09), analysis of the ROC
curves shapes demonstrate that all three modalities together are more sensitive for the
detection of recurrent cancer. The specificity of MR imaging, however, does not change to
an appreciable extent. These findings suggest that that diffusion-weighted MR imaging, and
to a lesser extent T2-weighted MR imaging, is important components of multiparametric
MR scans of the prostate of patients treated with external beam radiation therapy. It is also
important to remember that adequate acquisition of spectroscopic data is dependent on the
expertise available. Some centers have dedicated spectroscopists who perform both pre and
post processing of data and manual case-by-case adjustments that result in significantly
better spectra than commercially available software. However, most centers do not have the
benefit of such dedicated personnel. The acquisition and quality of diffusion-weighted MR
imaging, though, tends to be more homogeneous throughout different platforms and
institutions.

The acquisition time of diffusion-weighted MR images is short and does not significantly
interfere with the total scanning time. Furthermore, with the recent FDA approval of
perfluorocarbon, an inert liquid with similar magnetic susceptibility to that of the prostate,
for use with 3-Tesla endorectal coils, magnetic susceptibility artifact can be reduced.
Perfluorocarbon decreases magnetic field inhomogeneity causes by mismatch of magnetic
susceptibility at the air-tissue interface associated with traditional air-filled endorectal coil
(29).

The ADC values of recurrent cancer in our study were similar to those values seen in foci of
cancer that have not yet undergone treatment (14,20). The ADC values measured in areas of
post treatment atrophy, though, appeared to be slightly lower than those seen in the
untreated gland (19,20). Our results were very similar to those described in two other studies
that also investigated patients with prostate cancer after radiation therapy. Sato et al.
described the ADC values of cancer before (1.0 × 10−3 mm2/s) and after successful therapy
(1.6 × 10−3 mm2/s) (20). Kim et al. described the ADC values of proven recurrence after
therapy (0.98 × 10−3 mm2/s) and of areas without recurrent disease (1.6 × 10−3 mm2/s) (10).
The reason for decreased ADC values in recurrent prostate cancer is still not entirely
understood, but similar to other type of cancers, it has been speculated that increased tightly
packed cells restrict diffusion of water. Whereas, the radiated atrophic prostate tissue,
contains less cells to restrict water diffusion resulting in higher ADC values. These
characteristics possibly make diffusion-weighted MR imaging a fairly sensitive and specific
method for the detection of local recurrence.

To our knowledge, there is only one study available in the literature that looked at functional
3-Tesla MR imaging for the evaluation of suspected locally recurrent prostate cancer after
external beam radiation. As in our study, Kim et al., investigating 3-Tesla diffusion-
weighted MR imaging in 36 patients, but without an endorectal coil, found that the
combination of diffusion-weighted MR imaging with T2-weighted MR imaging led to an
improvement in the area under the ROC curve from 0.61 to 0.88 (10). These results are
comparable to ours.

A few other authors have studied 1.5-Tesla MR imaging in this same group of patients.
Westphalen et al. found that T2-weighted MR imaging alone has low accuracy for the
detection of local recurrence (28) and that combining MR spectroscopic imaging with T2-
weighted MR imaging significantly increases the area under the ROC curve, from 0.67 to
0.79 (12). The results of our study corroborate these findings. T2-weighted MR imaging,
MR spectroscopic and diffusion-weighted MR imaging are not the only techniques available
to evaluate patients with suspected local recurrent disease. Both Haider et al. and Rouviere
et al. found that dynamic contrast-enhanced MR imaging is more accurate than T2-weighted
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imaging, in particular because of greater sensitivity (9,30). More recently, Akin et al.
demonstrated that the combination of both diffusion-weighted MR imaging and dynamic
contrast-enhanced MR imaging with T2-weighted MR imaging improved the detection of
recurrent disease. For one reader the area under the ROC increased from 64% to 95%, while
for the other one it increased from 53% to 86% (31). Unfortunately, patients in this cohort
did not undergo dynamic contrast-enhanced MR imaging. To our knowledge, research
investigating the combination of all four MR techniques in this clinical scenario has not
been published.

To date there is no consensus on how multiple MR imaging parameters should be evaluated.
Some may argue that the ideal approach would be to measure ADC values and metabolic
ratios of suspicious areas visualized on T2-weighted images, while others may say, for
example, that ADC values should be measured at the focal area with lower signal on ADC
maps, irrespective of abnormalities on the other sequences. Both approaches are valid, but
answer different questions. The first one allows the reader to assess how diffusion-weighted
MR imaging and MR spectroscopic imaging further characterize abnormalities seen on T2-
weighted images. The second method will only characterize abnormalities identified on
diffusion-weighted MR images and not take into account other imaging information. Our
goal was to determine what is the best combination of information obtained from T2-
weighted MR imaging, diffusion-weighted MR imaging, and MR spectroscopic imaging to
detect locally recurrent prostate cancer. Although MR spectroscopic imaging alone may
suffice, a trend towards improved discrimination of patients with and without disease with
the combination of all three MR modalities suggests that this should be the preferable
approach. Our study does not allow one to determine the order in which these images should
be analyzed, nor how positive and negative results should be combined. This is a topic for
additional research.

Evaluating recurrence after radiation therapy is challenging due to radiation induced fibrosis
and atrophy of the prostate gland. TRUS biopsy is routinely performed despite being a
invasive method fraught with sampling error (5,6,25). MRI offers a non-invasive alternative
in evaluation of recurrent disease. MRI can be used clinically to identify recurrent disease
and to subsequently guide a targeted biopsy if needed. Another advantage of MRI is its
ability to noninvasively evaluate extracapsular disease and seminal vesicle spread. For
instance, in patients with biochemical recurrence being considered for salvage
prostatectomy, MRI findings of seminal vesicle invasion or extra prostatic extension will
alter patient management.

Our study has limitations. First, this was a single hospital study and because acquisition
expertise and equipment brand vary, our results may not be generalizable to all institutions.
Second, our small sample size resulted in wide 95% confidence intervals. Our goal was not
to determine the exact accuracy of each diagnostic approach, but rather to compare the
performance of different MR sequence combinations. Because of these wide 95%
confidence intervals, only large differences between the diagnostic performances of two
different combinations of MR techniques can be demonstrated. The use of sextant biopsy
results as a standard of reference may be criticized, but this approach is aligned to clinical
practice. Even when local recurrence is detected, these patients seldom undergo salvage
prostatectomy. In addition, the option for using prostatectomy specimens as the standard of
reference would also be prone to bias, as only patients with a positive biopsy would be
included in the analysis. Third, it is conceivable that patients whose post treatment MR
imaging had negative results did not proceed to biopsy and therefore were not included in
the study. One would expect this to have occurred more commonly for patients who
ultimately do not have disease, as other clinical information would weigh in the decision to
proceed to get a biopsy, irrespective of negative imaging results. This bias would lead to
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results that would spuriously increase the sensitivity and decrease the specificity of MR
imaging techniques. Yet, this bias would affect all MR techniques similarly and our goal
was not to calculate the accuracy of MR imaging techniques, but to determine if there is an
incremental value of combining them.

In conclusion, incorporation of MR spectroscopic imaging to T2-weighted MR imaging and/
or diffusion-weighted MR imaging significantly improves the assessment of patients with
suspected local recurrence after radiation therapy and a combined approach with all three
modalities may have the best diagnostic performance.
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Figure 1.
Receiver operating characteristic curves for detection of locally recurrent prostate cancer
after external beam radiation therapy with MR spectroscopic imaging (dotted line),
combined diffusion-weighted MR imaging and MR spectroscopic imaging (dashed line),
and combined T2-weighted MR imaging, diffusion-weighted MR imaging, and MR
spectroscopic imaging (thick solid line). Lower thin solid line is reference line.
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Figure 2.
77 year-old man with biopsy proven recurrent prostate cancer in the left gland. T2-weighted
MR image demonstrates a large focal area of decreased signal intensity, consistent with
recurrent cancer (arrows in A). Grid (in A) with corresponding MR spectra showing high
choline (arrow in B) and low citrate peaks (arrowhead in B), characterizing malignant
metabolism. ADC map demonstrates restricted diffusion in the same area (arrows in C).
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Table 1

Areas under the ROC curves for the detection of recurrent disease after radiation therapy with T2-weighted
MR imaging, diffusion-weighted MR imaging, and MR spectroscopic imaging, alone or in combination.

Techniques Az 95% confidence interval

T2 0.616 0.511 to 0.732

ADC 0.755 0.610 to 0.853

MRSI 0.830 0.755 to 0.891

T2 + ADC 0.774 0.604 to 0.869

T2 + MRSI 0.841 0.765 to 0.909

ADC + MRSI 0.863 0.775 to 0.933

T2 + ADC + MRSI 0.869 0.776 to 0.934

T2 = T2-weighted MR imaging
ADC = apparent diffusion coefficient
MRSI = MR spectroscopic imaging
Az = area under the receiver operating characteristic curve
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Table 2

Differences between areas under the ROC curves for the detection of local recurrence obtained comparing
single MR imaging techniques and all possible combinations.

Techniques P value Difference 95% confidence interval

T2 versus ADC 0.07 −13.9 −28.4 to 0.2

T2 versus MRSI <0.001 −21.4 −34.7 to −9.0

T2 versus T2 + ADC 0.03 −15.8 −29.5 to −2.5

T2 versus T2 + MRSI <0.001 −22.5 −35.7 to −12.4

T2 versus ADC + MRSI <0.001 −24.7 −38.9 to −12.7

T2 versus T2 + ADC + MRSI <0.001 −25.3 −39.4 to −13.9

ADC versus T2 0.07 13.9 −0.2 to 28.4

ADC versus MRSI 0.20 −7.5 −21.1 to 1.6

ADC versus ADC + T2 0.33 −1.9 −6.9 to 0.7

ADC versus ADC + MRSI 0.02 −10.8 −24.0 to −4.9

ADC versus T2 + MRSI 0.15 −8.6 −21.3 to 0.8

ADC versus ADC + T2 + MRSI 0.02 −11.4 −24.5 to −5.3

MRSI versus T2 <0.001 21.4 9.0 to 34.7

MRSI versus ADC 0.20 7.5 −1.6 to 21.1

MRSI versus MRSI + T2 0.41 −1.1 −4.3 to 1.2

MRSI versus MRSI + ADC 0.13 −3.3 −7.7 to 1.0

MRSI versus T2 + ADC 0.38 5.6 −4.4 to 19.8

MRSI versus MRSI + T2 + ADC 0.09 −3.9 −8.4 to 8.3

T2 + ADC versus T2 + MRSI 0.27 −6.7 −19.9 to 2.8

T2 + ADC versus ADC + MRSI 0.03 −8.9 −23.0 to −1.2

T2 + MRSI versus ADC + MRSI 0.40 −2.2 −7.2 to 2.6

T2 + ADC versus T2 + ADC + MRSI 0.04 −9.5 −22.3 to −3.1

T2 + MRSI versus T2 + ADC + MRSI 0.18 −2.8 −7.5 to 0.6

ADC + MRSI versus T2 + ADC + MRSI 0.65 −0.6 −3.3 to 1.6

T2 = T2-weighted MR imaging, ADC = apparent diffusion coefficient, MRSI = MR spectroscopic imaging
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